The present invention relates to a rapid temperature sensor made of metal of the platinum group for high temperature sensor technology, in particular for use in motor-vehicle exhaust-gas monitoring technology.
Many applications in the field of high-temperature sensor technology (for example, emission-controlled combustion) require sensors which can detect the tem peratures in their environment with time constants of less than 100 ms. In the field of exhaust-gas sensor tech nology it is, for example, necessary to keep the gas-sen sitive elements at a constant temperature of approxi mately 1,000 C. The exhaust-gas temperature varia tions must be detected as rapidly as possible in order to be able to control the heating elements integrated on the sensor chip in such a way that the temperature of the gas-sensitive layer remains virtually constant.
For application temperatures of up to 1,000 C., plati num/platinum-rhodium or nickel/chromium-nickel thermocouples have hitherto been used. These couples have, however, two crucial disadvantages. On the one hand, they cannot be integrated on hybrid components and, on the other hand, they have relatively long re sponse times to temperature changes in their environ ment. Temperature sensors which are made of metals of the platinum group and which have been screen-printed or produced using other thin-film technologies (PVD or CVD processes) have hitherto been available for use only up to a maximum of 850 C. since, starting from this temperature as a maximum, the platinum metals form both stable and volatile oxides which result in a resistance drift of the temperature sensor.
To protect the temperature sensor made of metal of the platinum group against oxidation and consequently prevent the resistance drift of the sensor, the metal of the platinum group is covered with various protective layers. For example, GB 2 171253 discloses a tempera ture sensor which is made of platinum metal and pro vided with an aluminum oxide protective layer.
JP-A 63269502 discloses a platinum resistance film having a silicon nitride protective layer.
A platinum layer resistance having a titanium diox ide/silicon dioxide double layer is to be found in Ger man Offenlegungsschrift 36 03757. Technol. A 5(5), 1987, pages 2917 to 2923 discloses a platinum thin-film temperature sensor which has a com plicated multilayer structure comprising a platinum thin film embedded in aluminum oxide.
A disadvantage of the known sensors is that, despite passivation layers and protective layers, an oxidation of the platinum which results in the unacceptable drift of the temperature sensor is observed at temperatures of over 850 C. The oxidation can be attributed, in particu lar, to cracks in the passivation layers, which cracks develop during cooling from high temperatures down to room temperature because of the different coeffici ents of thermal expansion of the materials used for the SSO. During cooling, glass layers to be applied as passiv ation layer using thick-film technology also form cracks which permit access of oxygen and consequently an oxidation of the platinum. The object of the present invention is to provide a temperature sensor which is made of metal of the plati num group for a temperature range of up to 1,000 C., which temperature sensor has a short response time, a simple, readily producible structure and a stable mea surement behavior without resistance drift even attem peratures of over 850 C.
According to the invention, this object is achieved by a rapid temperature sensor made of metal of the plati num group including a platinum resistive layer applied to a ceramic substrate. A passivation layer is also pro vided, and is applied over the platinum resistive layer. The passivation layer is a double layer having both a ceramic layer and a glass layer.
Additional features and advantage of the present invention are described, and will be apparent from, the detailed description below and from the drawings. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS
As illustrated in FIG. 1, a substrate S is provided. A platinum resistive layer Pt having a thickness of, for example, 5 mm is applied to the substrate S. The plati num resistive layer Pt is partially formed meanders Mä which form the actual measuring resistance.
As illustrated in FIG. 2 , a temperature sensor manu factured in accordance with the principles of the pres ent invention includes the meander structure Mä. The platinum resistive layer, or conductor tracks, Pt applied to the substrate S can include, for example, aluminum oxide. The platinum resistive layer Pt is covered by a passivation layer. The passivation layer, or double layer DS includes a lower layer US and an upper layer OS. Advantageously, the lower layer US is a glass layer, and the upper layer OS is a ceramic layer. It is also contem plated that the lower layer US can be a ceramic layer while the upper OS can be a glass layer.
In temperature sensors, a platinum resistive layer, generally in the form of meanders, is applied using thick-or thin-film processes to the substrates (for exam ple, made of Al2O3) normally used in microsystem tech nology. The oxidation of the metals of the platinum group is suppressed by a passivation which is applied to the surface of the temperature sensor. In order to obtain the shortest possible response times of the temperature sensor with time constants of less than 100 ms despite the passivation, the passivation layeris, according to the invention, produced as a double layer which is as thin as possible (typical layer thicknesses in the range from 1 to 15 um).
Particularly suitable for the ceramic layer are com pounds of metals M with nitrogen N (metal nitride; for example Si3N4), carbon C (metal carbide) or oxygen 0 (metal oxide; for example Al2O3), boron (metal bo Glasses of any kind, for example silicate glasses, which are commercially available as pastes for thick film technology, are suitable for the glass layer. 5 In the double layer in accordance with the invention, the layer sequence of ceramic layer and glass layer is interchangeable, so that the glass layer or the ceramic layer may be applied directly on top of the platinum resistive layer.
In the platinum/glass/ceramic arrangement, the glass layer acts as a buffer layer which softens at fairly high temperatures and thus reduces or prevents the develop ment of stresses between the ceramic layer and the layers situated underneath. Despite the high tempera ture interval, no cracks are observed in the ceramic layer during the operation of the temperature sensor from room temperature to 1,000 C. because stresses do Ot. Occur.
In the platinum/ceramic/glass arrangement, the glass 20 layer serves as a sealing layer which likewise softens at fairly high temperatures and in this process is capable of penetrating any cracks which form in the ceramic layer situated underneath, thereby sealing them. Even during cooling, the glass continues to adhere in the gaps and 25 cracks which have occurred in the ceramic layer and ensures an oxygen-proof passivation due to said double layer.
In this way, oxygen is prevented from passing through the passivation to the surface of the metal of 30 the platinum group and a metal oxide layer is prevented from developing between the metal of the platinum group and the passivation. In selecting the passivation, however, care must be taken to ensure that no reactions occur between the passivation and the metal of the platinum group used as temperature sensor, even at the high application temperatures. The latter would also result in irreparable resistance drift of the temperature sensor. There is no danger of chemical reactions be tween resistive layer and passivation layer in the case of 40 the direct arrangement of the glass layer on top of the platinum layer. It is only when the platinum layer comes into contact with the ceramic layer that the ce ramic layer must not contain oxygen and at the same time also be ion-conducting. Only those oxides are per mitted as ceramic which contain only firmly bound oxygen which is incapable of platinum oxide formation.
Whereas the glass layer is produced using a thick-film process, for example by printing on a paste containing glass particles and then firing it, the ceramic layer can be produced either using thick-film or thin-film technol ogy. A ceramic green film can first be produced and then fired, or the ceramic is produced directly by a plasma or gas-phase deposition process, for example by PVD or CVD processes. Sputtering and vapor-deposi tion processes are also suitable. Typical layer thick nesses for the ceramic layer are between 1 and 10 p.m, while the chosen layer thickness of the glass layer is between 5 and 10 p.m. A greater layer thickness may be necessary for the lower sublayer resting directly on the resistive layer and the substrate because of the uneven substrate surface, normally ceramic, in order to ensure a uniform and impermeable layer.
In the case of a temperature sensor which is made of metal of the platinum group and is produced using 65 thick-film technology and in which the first passivation sublayer is produced using thin-film technology to achieve a minimum response time of the temperature sensor, application of a sealing layer to the passivation layer in order to seal cracks which have arisen in the passivation layer after heating and then cooling for the purpose of heat-treating the sensor blank virtually pro duces a passivation layer produced using thick-film technology.
The ceramic layer is produced from a metal/non metal compound which exhibits no interaction with oxygen.
In addition, the ceramic layer is produced from a metal/non metal compound which is impermeable to OXygen. Finally, the first (lower) passivation layer is produced from a metal/non metal compound which does not exhibit any interaction with metals of the platinum group.
The invention provides for the first time a rapid tem perature sensor which is suitable for temperatures of up to 1,000 C., in particular for the interval from 850 to 1,000 C. and which does not exhibit any resistance drift even when used in an oxygen-containing atmosphere and therefore provides reliable and dependable mea surements even in the case of by long service life. It consequently becomes possible for the first time to mea sure exhaust-gas temperatures of internal combustion engines immediately downstream of the combustion chamber in order to control other gas sensors optimally using the measurements obtained and, consequently, to make possible an optimum combustion with maximum energy utilization accompanied by minimum pollutant discharge. It should be understood that various changes and modifications to the presently preferred embodi ments described herein will be apparent to those skilled in the art. Such changes and modifications may be made without departing from the spirit and scope of the pres ent invention and without diminishing its attendant advantages. It is, therefore, intended that such changes and modifications be covered by the appended claims.
We claim:
1. A rapid temperature sensor made of metal of the platinum group comprising: a platinum resistive layer applied to a ceramic substrate and a passivation layer applied over and completely covering and passivating the platinum resistive layer, the passivation layer being a double layer having both a ceramic layer and a glass layer.
2. The rapid temperature sensor as claimed in claim 1, wherein the glass layer is produced using thick-film technology.
3. The rapid temperature sensor as claimed in claim 1, wherein the material of the ceramic layer is selected from the group consisting of the nitrides, borides, car bides, oxides and silicides of metals.
4. The rapid temperature sensor as claimed in claim 1, wherein the glass layer comprises a silicate glass layer.
5. The rapid temperature sensor as claimed in claim 1, wherein the ceramic layer is formed using thick-or thin-film technology and has a thickness of approxi mately 1 to 10 pum. 6. The rapid temperature sensor as claimed in claim 1, wherein said glass layer comprises a glass thick film applied on top of the platinum resistive layer and said ceramic layer comprises a 1 to 10 pm thick layer of ceramic material on top of said glass thick film.
7. The rapid temperature sensor as claimed in claim 1, wherein said ceramic layer comprises a 1 to 10 um thick layer of ceramic material on top of the platinum resis ax tive layer and wherein said glass layer is applied on top of said ceramic layer using thick-film technology.
8. A rapid temperature sensor made of a metal from the platinum group for use in a motor vehicle gas ex haust monitoring technology and suitable for exposure 5 to temperatures of up to 1000 C., comprising: a ceramic substrate; a platinum resistive layer applied to the ceramic sub strate; and passivation layer means, applied over the platinum resistive layer, for preventing oxidation and resis tance drift of the rapid temperature sensor at tem peratures of up to 1000 C., said passivation layer means being formed by double layer having a first layer of ceramic and a second layer of glass. wherein the first layer comprises a 1 to 10 p.m thick layer of ceramic material applied over the platinum resistive layer, and wherein the second layer comprises glass applied over the thick layer of ceramic material using thick-film technology.
15. A method for manufacturing a rapid temperature sensor for use in motor vehicle gas exhaust monitoring technology for measuring temperatures ranging from 850 to 1,000 C., comprising the steps of: providing a ceramic substrate; applying a platinum resistive layer to the ceramic substrate; and applying a passivation layer over the platinum resis tive layer, and forming the passivation layer of a double layer consisting of a ceramic layer and a glass layer. 16. A method as claimed in claim 15, wherein the step of applying said passivation layer comprises the steps of forming said ceramic layer by applying a 1 to 10 plm, thick layer of ceramic material using at least one of thick-film and thin-film technology over the platinum resistive layer, and applying said glass layer over said ceramic layer.
17. A method as claimed in claim 15, wherein the step of applying said passivation layer comprises the steps of applying said glass layer over the platinum resistive layer and forming said ceramic layer by applying a 1 to 10 um thick layer of ceramic material over the glass layer.
18. A method as claimed in claim 15, wherein the step of applying said passivation layer comprises the steps of applying a 1 to 10 um thick layer of ceramic material over the platinum resistive layer, and applying said glass layer using thick-film technology over the thick layer of ceramic material. se 2
